In a typical spherical tokamak equilibrium, the poloidal field is of the same order as the toroidal field. For example, a typical prediction for a USTX (University Spherical Tokamak Experiment) [ 11 plasma is described in Table 1 . Shown in Fig. 1 is the magnitude of the magnetic fields along the plasma equator. It is clear that the poloidal field is larger than the toroidal field in the low field side. A numerical code was written to solve the particle orbit equations (see Appendix), without the guiding center approximation. The equations of motion are solved with a leapfrog scheme, toroidal momentum conservation is used to compute the toroidal velocity as a function of the local poloidal flux. Conservation of energy is not used in solving the equations, but it is used as a check for accuracy. Conservation of the adiabatic moment is a property of the guiding center equations, so it is not applicable to an orbit code.
In Fig. 2 are shown two different orbits, as well as the flux contours. The first one shows a circulating ion, its orbit being barely perturbed by gyromotion. In the second one, a deeply trapped ion, the effect of gyromotion is very visible, producing large departures from the average orbit. The orbits in Fig. 2 are not typical: they are extreme (passing and trapped).
Spherical tokamaks, as a concept, rely heavily on non-inductive current drive. Neutral beam injection is a candidate current drive source. Calculations of neutral beam deposition, slowing down and current drive are based on guiding center approximations. The main purpose of this note is to point out that such calculations may not be accurate enough: gyromotion needs to be taken into account when computing the loss cone for fast ions, in particular if collisions are being simulated. 
Appendix: Particle orbit code
A particle orbit code, ORBIT was developed to trace trajectories from known poloidal and toroidal fields. The equations of motion for VR and Vz (the radial and vertical velocities in a cylindrical coordinate system (R,Z,$) ) are solved with a centered leap-frog scheme (based on a code provided by M. L. Sloan). Conservation of toroidal momentum is used to compute the toroidal velocity as a function of the poloidal flux and the particle's position. Energy conservation is not used for the orbit calculation, but as a check for computational accuracy.
A separate subroutine, PSIFUN, reads an input file and produces as output the poloidal flux and the fields at a point. In the particular implementation of the code used here, the equilibrium was simulated with our local version of the EFIT1,2 code, and the output file fort.30 was read. In that case the input file, orb.inp, contains the following information: The code is written in FORTRAN, plotting is done with NCAR. The codes are available for general use in the IBM RISC workstations. Potential users should consult with the author before copying the code. Other implementations allow the use of generalized analytical equilibria of the Solov'ev type to describe the flux surfaces, as described in [2] .
